Introduction {#S0001}
============

Hepatocellular carcinoma (HCC) the fifth most common cancer in the world, ranking third in terms of cancer-related deaths.[@CIT0001] More than 700,00 new cases of HCC and 250,000 deaths are reported every year.[@CIT0002] China accounts for over 50% of new cases and deaths, which is closely related to the large incidence of hepatitis B virus infection. Other pathogenic factors in China include the consumption of alcohol and aflatoxin, among others.[@CIT0003] Along with the high incidence of HCC, treatment of HCC is limited to surgical interventions during the early stages of the disease or liver transplantation.[@CIT0004] However, only 20% of HCC patients qualify for surgery due to the high rates of intrahepatic metastasis, portal vein cancer thrombus, and distant metastasis.[@CIT0005] Therefore, elucidating the oncogenes or suppressor genes involved in metastasis would help to predict HCC metastasis and identify new therapeutic targets.

For the initiation of metastasis, tumor cells require a pre-metastatic niche formed by myeloid-derived suppressor cells (MDSCs), tumor-associated macrophages (TAMs), and tumor-associated neutrophils (TANs), among others.[@CIT0006] The interaction between tumor cells and other cells in this pre-metastatic niche is bi-directional; on one hand, tumor cells secrete tumor-derived soluble factor (TDSFs) such as LOX and LOXL2 under hypoxia conditions, then recruit MDSCs, and simulate immune suppression signal[@CIT0007], while on the other hand, the tumor microenvironment, such as in the extracellular matrix (ECM), secretes soluble factors including IL-18, and supports tumor progression.[@CIT0008] Here, we used in vitro sgRNAs screens and identified *LTBP4* (latent transforming growth factor beta binding protein 4) as a novel metastatic suppressor. In addition, we found that after *LTBP4* inhibition, active TGFβ1 (transforming growth factor beta 1) secreted by the tumor recruited and simulated MDSCs, thus further inhibiting the proliferation of CD8+ T cells, and promoting the metastasis ability of HCC cells.

Materials and Methods {#S0002}
=====================

Ethics Statement {#S0002-S2001}
----------------

The animal experiment performed in this study was approved by the Ethics Committee of Ningbo Beilun People's Hospital. All of the protocols were performed in accordance with the relevant guidelines and regulations formulated by the Ningbo Beilun People's Hospital, Ningbo in Zhejiang province, China.

In silico Data Analysis {#S0002-S2002}
-----------------------

The in silico data analysis was performed using R 3.5.2. To identify the genes down-regulated in liver cancer patients, we downloaded the GSE14520 datasets from the GEO (Gene Expression Omnibus) database using the GEOquery package. The microarray data of 445 samples, including 220 liver non-tumor tissue and 225 liver tumor tissue, were normalized using the preprocessCore package. The down-regulated genes in the liver tumor tissue were quantified using the limma package. Genes with *p* \< 0.05 and LogFC \< ‒0.6 were identified as down-regulated genes. The pathway enrichment in the down-regulated genes was then calculated using clusterProfiler package.

To determine the relationship between LTBP4 expression and the overall survival rate of patients with liver cancer, RNA-seq and clinical data of liver hepatocellular carcinoma obtained from the TCGA (The Cancer Genome Atlas Program) were downloaded from the GDAC firehose website ([<http://gdac.broadinstitute.org/>]{.ul}). The overall survival rate of the patients was assessed using the survival package. Hepatocellular carcinoma patients from TCGA were also divided into low and high LTBP4 expression groups. The proportion of immune cells in the primary tumors was calculated using the CIBERSORT website ([<https://cibersort.stanford.edu>]{.ul}).

Materials {#S0002-S2003}
---------

The Transwell chamber was purchased from Corning company (USA). Propidium iodide (PI) for the cell cycle was purchased from Sigma Aldrich (St Louis, MO, USA). CCK8 was purchased from Dojindo Molecular Technologies (Rockville, MD, USA). For Western blotting, the antibodies p-Smad2/3, p-Smad4, N-cadherin, E-cadherin, and Vimentin were purchased from Cell Signaling (MA, USA), while the LTBP4, TGFβ1, TGFβ2, TGFβ3, ARG1, and NOS2 antibodies were purchased from Abcam (MA, USA). LAP (latency-associated peptide) antibody was purchased from Thermo Fisher Scientific (MA, USA). The total and active TGFβ1 ELISA kits were purchased from BioLegend (CA, USA). The mass cytometry (CyTOF) antibodies were purchased from Fluidigm (CA, USA). The CD11B, LY6G, and LY6C antibodies were purchased from BioLegend (CA, USA). IgG-IP beads were purchased from Sigma Aldrich (MO, USA).

Cell Culture {#S0002-S2004}
------------

Human hepatocellular carcinoma cell line Hep G2 and human embryonic kidney cell line 293t were purchased from ATCC (American Type Culture Collection) company (USA). Cells were cultured in DMEM + 10% fetal bovine serum (FBS) with 37°C at 5% CO~2~.

Preparation of LTBP4-KO Cells {#S0002-S2005}
-----------------------------

1\) First, an oligo was synthesized by Beijing Genomics institution company, the sequence of the oligo was confirmed by screen data, LTBP4 sgRNA-1:5ʹ-CCCCCGGGACCTCGACGACC-3ʹ. 2) The oligo was then cloned to lentiCRISPR v2 vector (addgene 52961) by following the instruction which is described in "entiCRISPRv2 and lentiGuide oligo cloning protocol" ([<https://media.addgene.org/data/plasmids/52/52961/52961-attachment_B3xTwla0bkYD.pdf>]{.ul}). 3) The LTBP4-KO vector was then packaged as lentivirus by using the 2nd generation of the package system. 4) The HCC cell line was infected with CON (without sgRNA sequence) and LTBP4-KO virus for 48 h, and selected by puromycin for 48 h. 5) The LTBP4-KO clone was then confirmed by a single clone experiment.

Wound Healing Assay {#S0002-S2006}
-------------------

In the wound healing assay, cells were plated on 24-well plates. The plates were scratched, then imaged every 2 h.

Cell Cycle and Proliferation {#S0002-S2007}
----------------------------

In the cell cycle experiment: 1) One million cells were harvested, followed by washing with PBS three times. 2) The cells were suspended in 300 µL PBS + 5% FBS before adding 700 µL of ethanol for cell fixation. 3) The fixed cells were treated with RNAase and labeled with PI at a final concentration of 50 ng/mL, and the cell cycle was detected using BD FACS Calibur in the FL2-A channel.

In the cell proliferation assay: 1) The cells were plated in a 96-well plate, where each well was comprised of 3000 cells in 100 µL DMEM + 10% FBS. 2) Then, 10 µL of CCK8 were added to each well before culturing at 37°C and 5% CO~2~ for 2 h. The absorbance was detected at 450 nM using a Varioskan™ LUX multimode microplate reader (Thermo Fisher Scientific). 3) The absorbance was detected after 24, 48, 72, and 96 h, and the proliferation index was calculated as follows: proliferation index = absorbance at time point/absorbance at 0 h.

Western Blotting {#S0002-S2008}
----------------

First, the cells were harvested and lysed using RIPA buffer. The cells were then mixed with loading buffer and boiled at 100°C. Second, after quantifying the concentration of the proteins in each sample using Lowry's method, equal quantities of protein were loaded onto a 10% SDS-PAGE gel and then transferred onto a PVDF membrane. Finally, the protein extract was labeled by incubating the membranes with primary antibody at 4°C overnight, followed by incubation with the corresponding secondary antibody for 30 min at room temperature. Protein expression was quantified using Thermo Pierce ECL Western Blotting Substrate.

Endogenous Immunoprecipitation (IP) {#S0002-S2009}
-----------------------------------

Cells were lysed using IP lysis buffer, followed by labeling with TGFβ1 antibody by incubating at 4°C overnight. Cell lysis was then labeled with IgG-IP beads. After immunoprecipitation, cell lysis was labeled with LAP antibody. LAP binding with TGFβ1 was determined by Western blotting.

Animal Experiment {#S0002-S2010}
-----------------

In this study, nude mice, SCID mice, and C57BL/6 mice were utilized for different experiments: 1) For the in vivo metastasis experiments, nude mice were injected with one million cells via the tail vein. After 8 weeks, the mice were sacrificed and the lung metastatic nodes were quantified by fluorescence. 2) For experiments that included primary tumors, SCID mice were subcutaneously injected with five million cells. After 4 weeks, the mice were sacrificed and the primary tumors were extracted for further study. 3) To obtain MDSCs and CD8+ T cells, C57BL/6 mice were sacrificed. The bone marrow was then flushed out and the spleens were extracted for further experiments.

Total and Active TGFβ1 Detection {#S0002-S2011}
--------------------------------

1\) After determining the number of cells, the plates were washed 4 times and treated with 50 µL assay buffer C. 2) This was followed by the addition of 50 µL of diluted standards or samples. 3) The plates were washed another four times and 100 µL of detection antibody solution was added. 3) The plates were washed four more times and 100 µL of avidin-HRP D solution was added. 4) The plates were washed five times and 100 µL of substrate solution was added. 5) Finally, 100 µL of stop solution was added to the plates. The absorbance was read at 450 nM.

CyTOF and FACS (Fluorescence-Activated Cell Sorting) {#S0002-S2012}
----------------------------------------------------

In the CyTOF experiment, the primary tumors were digested with Type I collagen for 2 h. The cells were then filtered using a 40 µM strainer and counted. Three million cells were labeled with the CD3E, CD8A, CD11B, LY6G, and LY6C antibodies using Fluidigm mass cytometry labeling according to the manufacturer's instructions. In the FACS experiment, mice bone marrow and spleen tissue were extracted and digested with Type I collagen. Single cells in bone marrow were labeled with CD11B, LY6G, and LY6C antibody, to sort out CD11B LY6G+ cells (PMN MDSCs) and CD11B LY6C+ (MO MDSCs). Single cells in spleen were labeled with CD3, CD8 antibody, to sort out CD3+, CD8+ T cells.

In vitro T Cell Proliferation Experiment {#S0002-S2013}
----------------------------------------

After obtaining T cells from the spleen and MDSCs from the bone marrow, MDSCs were treated with cell supernatant + GM-CSF for 96 h. Simultaneously, T cells were cultured on CD3/CD28 conjugated plates for 72 h, then labeled with Dye670nm using the standard labeling procedure. The resulting MDSCs and T cells were then mixed at the indicated ratio, and T cell proliferation was determined by the BD FACS Calibur machine.

Statistical Analysis {#S0002-S2014}
--------------------

The significance levels in this study were determined using the Student's *t*-test: \**p*\<0.05, \*\**p*\<0.01, \*\*\**p*\<0.001.

Results {#S0003}
=======

In vitro Screening of Lung Metastasis Suppressor from ECM Genes (GO:0031012) {#S0003-S2001}
----------------------------------------------------------------------------

In this study, we extracted the GSE14520 dataset and found that ECM genes (GO:0031012) were highly enriched in low-expressed genes ([Figure 1A](#F0001){ref-type="fig"}). Using KEGG, we further proved that ECM-related pathways were highly enriched ([Figure 1B](#F0001){ref-type="fig"}), based on 80 ECM genes. Based on the low-expressed genes in the GSE14520 dataset, we designed 240 sgRNAs, which were transfected into Hep G2 cells using lentivirus to determine the changes in metastasis ([Figure 1C](#F0001){ref-type="fig"}). Sanger sequencing demonstrated that the resulting metastatic tumors contained 18 sgRNAs ([Table 1](#T0001){ref-type="table"}). After extracting the sgRNA sequence and single validating using a Transwell assay, the migration ability of LTBP4-KO cells was found to be highly increased ([Figure 1D](#F0001){ref-type="fig"} and [E](#F0001){ref-type="fig"}). Furthermore, the in vitro experimental results also indicated that the blockage of TGFβ1 and its receptor inhibited cell migration in LTBP4-KO cells ([Figure 1F](#F0001){ref-type="fig"}). LTBP4-KO activated the HCC cell cycle ([Figure 1G](#F0001){ref-type="fig"}) and cell proliferation ([Figure 1H](#F0001){ref-type="fig"}). Furthermore, LTBP4-KO increased the metastasis ability of HCC cells ([Figure 1I](#F0001){ref-type="fig"} and [J](#F0001){ref-type="fig"}).Table 1Detected sgRNAs from Metastasis Tumor of LungADAMTSL2PRELPSERPING1CYR61ADAMTS2ANGBGNSPP2FBLN5ITIH4MXRA5HPXPCOLCECPN2MFAP4ECM2MBL2LTBP4 Figure 1In vitro screening of lung metastasis suppressor from extracellular matrix genes (GO:0031012). (**A**) From the GSE14520 dataset, low-expressed genes were sorted out by the limma package, and genes from the GO:0031012 pathway are shown. (**B**) In low-expressed genes from GSE14520, the extracellular related pathway was highly enriched. (**C**) After designing 240 sgRNAs which target 80 ECM-related genes, sgRNAs were introduced in Hep G2 cell lines and injected in nude mice, then sgRNAs were amplified and detected by Sanger sequence. (**D** and **E**) 18 sgRNAs were further validated by transwell analysis and LTBP4 was selected. (**F**) LTBP4 shRNA cells were first subjected to serum starvation for 2 h, then treated with ALK inhibitor for 12 h, and wound healing assay was applied to determine the cell migration. (**G**) Changes of cell cycle in Hep G2 CON and LTBP4-KO were determined by PI staining. (**H**) Cell proliferation in CON and LTBP4-KO was detected by CCK8 staining. (**I** and **J**) CON and LTBP4-KO cells were injected in tail vein of nude mice, and after 4 weeks, metastasis nodules in lung were calculated (\*\*\**p*\<0.001).

Lower Expression of LTBP4 in HCC Tissue {#S0003-S2002}
---------------------------------------

To determine the clinical relevance of LTBP4 expression in HCC, we used quantitative PCR (qPCR) to analyze the levels of LTBP4 in 20 paired HCC samples. We found lower LTBP4 expression in HCC tumor tissue compared with normal healthy tissue ([Figure 2A](#F0002){ref-type="fig"}). When we summarized the clinical information of 46 HCC patients, we found that lower LTBP4 expression was associated with a higher occurrence of metastasis events in patients ([Table 2](#T0002){ref-type="table"}). The treatment response of 46 patients was quantified, which demonstrated that low levels of LTBP4 expression occurred in patients with partial remission or progression of HCC, which indicated that low expression of LTBP4 was linked with the progression of HCC patients ([Figure 2B](#F0002){ref-type="fig"}). In addition, we investigated the expression pattern of LTBP4 in the TCGA database and found that LTBP4 was not only expressed at low levels in HCC tumor tissue ([Figure 2C](#F0002){ref-type="fig"}), but was also associated with the overall survival rate of patients with HCC ([Figure 2D](#F0002){ref-type="fig"}).Table 2Summary of Clinical Information of 46 HCC Patients Divided into LTBP4 Low and High Groups Based on LTBP4 Expression in mRNA LevelCharacteristicsLTBP4 High (n=23)LTBP4 Low (n=23)t/*χ*^2^*p* valueAges (median±SD)52.2±6.954.6±12.50.810.42Sex (Male)19200.170.68Tumor diameter (median±SD)3.2±1.46.4±3.24.39\<0.0001AJCC stage (n) I1568.000.046 II48 III47 IV02AFP \> 200 ng/mL (n)13182.470.11Liver cirrhosis (n)15160.100.75Metastasis occurrence10185.840.016 Figure 2Lower expression of LTBP4 in HCC tissue. (**A**) 20 paired hepatocellular carcinoma tissue and nearby healthy tissue were selected, and expression of LTBP4 in mRNA level was quantified by QPCR. (**B**) After sorafenib treatment, treatment response in 46 HCC patients were determined. (**C**) From TCGA database, expression of LTBP4 in tumor tissue and normal healthy tissue was calculated. (**D**) From TCGA database, relation between expression of LTBP4 and HCC overall survival rate was determined by Cox regression (\**p*\<0.05, \*\*\**p*\<0.001).

Inhibition of LTBP4 Induced EMT (Epithelial--Mesenchymal Transition) Process and Secretion of Active TGFβ1 {#S0003-S2003}
----------------------------------------------------------------------------------------------------------

Since LTBP4 inhibition promoted cell proliferation and migration, we hypothesized that the function of LTBP4 relied on TGFβ1. As such, we designed LTBP4 shRNAs, which were transfected into Hep G2 cells ([Figure 3A](#F0003){ref-type="fig"}). After LTBP4 inhibition, the EMT marker N-cadherin, vimentin, was found to be up-regulated, while E-cadherin was down-regulated, indicating that the EMT process is activated after LTBP4 knockdown. Furthermore, the phosphorylation of genes downstream of TGFβ1, namely Smad2/3 and Smad4, were found to be increased ([Figure 3B](#F0003){ref-type="fig"}). Conversely, LTBP4 knockdown only slightly increased TGFβ1 at the protein level, which indicated that LTBP4 did not change TGFβ1 transcription ([Figure 3C](#F0003){ref-type="fig"}). In normal cells, LAP binds with TGFβ1, which is then secreted outside of the cells via a specific cutting process, through which TGFβ1 is activated.[@CIT0009] As such, we hypothesized that LTBP4 inhibition would lead to TGFβ1 being activated other than by transcription. We used an IP assay for LTBP4 inhibition and found that LAP binding to TGFβ1 significantly decreased ([Figure 3D](#F0003){ref-type="fig"}). Activated TGFβ1 significantly increased in this process, while total TGFβ1 was not significantly increased ([Figure 3E](#F0003){ref-type="fig"}), also the concentration of TGFβ3 is unchanged after LTBP4 is knocked down ([Figure 3F](#F0003){ref-type="fig"}). Furthermore, tumor samples from GSE14520 were divided into LTBP4 low and high expression groups, where the regulation of the TGFβ pathway was highly enriched in the LTBP4 low expression group ([Figure 3G](#F0003){ref-type="fig"}). Taken together, these results indicated that cells secreted the activated form of TGFβ1 when LTBP4 was inhibited.Figure 3Inhibition of LTBP4 induces the EMT process and secretion of active TGFβ1. (**A**) CON and LTBP4 shRNA were transfected in Hep G2; after 48 h, LTBP4 expression in protein level was determined by Western blot. (**B**) LTBP4 related genes, including TGFβ1 downstream genes Smad2/3, Smad4 and EMT marker N-cadherin, E-cadherin, vimentin, and their expression in protein level were determined by Western blot. (**C**) TGFβ1, TGFβ2, TGFβ3 expression in protein level was detected by Western blot. (**D**) After transfection of LTBP4-shRNA, TGFβ1 which bind with LAP were detected by Immunoprecipitation. (**E**) After transfection of LTBP4-shRNA for 48h, conditioned medium was harvested, and was used to determine total and active TGFβ1 by ELISA. (**F**) Total TFGB3 from the conditioned medium of CON and LTBP4-shRNA was detected by ELISA. (**G**) From the GSE14520 dataset, samples were divided into LTBP4 low and high group, then enrichment of TGFβ related pathway were identified by GSEA (\*\*\**p*\<0.001).

Deficiency of LTBP4 Stimulated Immune Suppression Signal Through MDSC Activation {#S0003-S2004}
--------------------------------------------------------------------------------

Based on previous results, we proved that LTBP4-inhibited cells could secrete more TGFβ1, which may recruit MDSCs and suppress T cell proliferation.[@CIT0010] As such, CyTOF was used to screen immune cell markers in LTBP4 knockout primary tumor cells. Among all the immune cell markers, CD3 and CD8A decreased while LY6G and LY6C increased in the LTBP4 knockout group (green circle in [Figure 4A](#F0004){ref-type="fig"}), suggesting that LTBP4-KO suppressed CD8+ T cells and increased PMN-MDSCs and MO-MDSCs ([Figure 4B](#F0004){ref-type="fig"}). Western blotting showed that, in LTBP4-KO primary tumors, ARG1 and NOS2 in MDSCs were all up-regulated ([Figure 4C](#F0004){ref-type="fig"}). Since both are key immunosuppressive mediators, we suspected that the MDSCs in the primary tumors were activated after LTBP4-KO. We treated the total MDSCs with conditioned medium from CON and LTBP4-KO cells, co-cultured with CD8+ T cells (MDSCs: T cells = 1:3). The conditioned medium from the CON group slightly inhibited CD8+ T cell proliferation by reducing the divided CD8+ T cells, while the conditioned medium from the LTBP4-KO group significantly inhibited CD8+ T cell proliferation ([Figure 4D](#F0004){ref-type="fig"}). The total MDSCs were then divided into PMN-MDSCs ([Figure 4E](#F0004){ref-type="fig"}) and MO-MDSCs ([Figure 4F](#F0004){ref-type="fig"}) before treating with conditioned medium from CON or LTBP4-KO cells. MO-MDSCs treated with LTBP4-KO medium showed the highest inhibition ability, indicating that LTBP4-KO induces fully functional MO-MDSCs. We also extracted hepatocellular carcinoma patients' data from the TCGA dataset, which we divided into LTBP4 high expression and low expression groups based on the RNA-seq data. Compared with patients with high levels of LTBP4 expression, in primary tumors of patients with low LTBP4 expression, the M2 macrophages increased and the CD8+ T cells decreased ([Figure 4G](#F0004){ref-type="fig"} and [H](#F0004){ref-type="fig"}). Taken together, these results indicated that LTBP4-KO recruits MDSCs in the primary tumor and inhibits CD8+ T cell proliferation, which results in the generation of an immune suppression signal.Figure 4Deficiency of LTBP4 stimulated immune suppression signal through MDSC activation. (**A**) CON and LTBP4-KO cells were subcutaneously injected in SCID mice; after 4 weeks, CD8, LY6G, and LY6C positive cells were detected by Cytof, and viSNE analysis was applied to find the distribution of cells. (**B**) Representative summary of PMN-MDSC (LY6G+ cells) and MO-MDSC (LY6C+ cells) in CON and LTBP4-KO primary tumor. (**C**) Total MDSC (CD11B+ GR1+) from primary tumor was sorted out, then expression of ARG1, NOS2 in total MDSC was quantified by Western blot. (**D**) Total MDSCs from C57BL/6J were sorted out, then simulated with conditioned medium from CON or LTBP4-KO Hep G2 cells; after 48 h, MDSCs were cocultured with CD8+ T cells (pre-stained with Dye670) from C57BL/6J cells on CD3/CD28 coated plates for 72 h, with a mix ratio of 1:3, then divided T cells were quantified by FACS. (**E**) PMN MDSCs were simulated and cocultured with CD8+ T cells in different ratios; after 72 h, divided T cells were quantified by FACS. (**F**) MO MDSCs were simulated and cocultured with CD8+ T cells in different ratios; after 72 h, divided T cells were quantified by FACS. (**G**) In the TCGA dataset, immune cell proportion from LTBP4 high and low expressed tumor were calculated by CIBERSORT software. (**H**) In the TCGA dataset, M2 macrophage and CD8+ T cells in LTBP4 high and low expressed tumor were quantified (\*\*\**p*\<0.001 ).

Activated TGFβ1 Secreted by LTBP4 Inhibition Cells Increased Fully Functioned MDSCs {#S0003-S2005}
-----------------------------------------------------------------------------------

To confirm whether the immune suppression signal generated by LTBP4-KO was due to the secretion of active TGFβ1 by tumor cells, we measured the total and active TGFβ1 in the primary tumors. Consistent with the in vitro results, active TGFβ1 was highly increased in the LTBP4-KO primary tumors, and total TGFβ1 also increased ([Figure 5A](#F0005){ref-type="fig"}). Then, we injected LTBP4-KO cells into SCID mice. Notably, the direct injection of the TGFβ1 receptor inhibitor decreased both PMN-MDSCs and MO-MDSCs after SB-431542 treatment ([Figure 5B](#F0005){ref-type="fig"}). We also found that the conditioned medium from LTBP4-KO cells treated with SB-431542 failed to inhibit T cell proliferation in both PMN-MDSCs ([Figure 5C](#F0005){ref-type="fig"}) and MO-MDSCs ([Figure 5D](#F0005){ref-type="fig"}).Figure 5Activated TGFβ1 secreted by LTBP4 inhibition cells increased fully functioned MDSCs. (**A**) After CON and LTBP4-KO Hep G2 cells were subcutaneous injected in SCID mice for 4 weeks, total TGFβ1 and active TGFβ1 were quantified by ELISA. (**B**) After LTBP4-KO Hep G2 cells were subcutaneous injected in SCID mice for 3 weeks, SB-431542 was injected in the primary tumor; after 2 weeks, PMN-MDSCs and MO-MDSCs were quantified by using FACS. (**C**) PMN-MDSCs and (**D**) MO-MDSCs were simulated and mixed with CD8+ T cells in different ratios, and after 72 h, divided CD8+ T cells were quantified by FACS (\*\*\**p*\<0.001).

Discussion {#S0004}
==========

Due to the high rate of metastasis, in particular pulmonary metastasis, the 5-year survival rate of HCC is lower than 40%, even in patients treated surgically during the early stages of the disease. As such, the identification of genes related to metastasis is of key importance.[@CIT0011] Within the metastasis mechanism of liver cancer, TGFβ1 plays an important role. It not only induces EMT in tumor cells but can also activate immune suppression signals and form the pre-metastatic niche.[@CIT0012] Despite this, the precise role of TGFβ1 in the interaction between tumor cells and the tumor microenvironment remains unknown.

Herein, we identified a new metastasis suppressor, LTBP4, using in vitro screening techniques. The knockout of LTBP4 was found to promote Hep G2 cell migration, proliferation, and metastasis in vivo, suggesting that LTBP4 participates in liver cancer cell function. LTBP4 belongs to the LTBP family and can be further subdivided into LTBP4S, LTBP-4L1, and LTBP-4L2 at the protein level.[@CIT0013] LTBP is also a component of the ECM in normal cells. In the ECM, TGFβ1 binds to LAP (latency-associated peptide) and LTBP protein with no function.[@CIT0014] Alterations to LTBP can change the status of TGFβ1. For example, in LTBP4S KO mice, the septation of end-pulmonary balloon decreased, while the activation of TGFβ1 decreased in fibroblasts[@CIT0015]. Our study demonstrated that, unlike in lung cells, the inhibition of LTBP4 induced EMT in tumor cells, while upregulating the expression of genes downstream of TGFβ1, namely Smad2/3 and Smad4, and changing the expression of TGFβ1 slightly. Furthermore, we proved that the inhibition of LTBP4 decreased LAP-TGFβ1 binding but increased the active form of TGFβ1.

In Alexandre Calon's study, TGFβ1 alleviation in the tumor microenvironment stimulated cancer-associated fibroblasts (CAFs), thus generating a pre-metastatic niche in colorectal cancer.[@CIT0016] In our study, CyTOF was used to demonstrate that the MDSCs and CD8+ T cells changed the most in LTBP4-KO primary tumors. MDSCs are a cluster of immature cells derived from bone marrow, including immature dendritic cells, neutrophils, and macrophages.[@CIT0017] MDSCs can induce immune evasion via the secretion of VEGF and BEGF or the suppression of T cell proliferation.[@CIT0018] In our study, we demonstrated that LTBP4-KO increased MDSCs and decreased CD8+ T cells in primary tumors. At the same time, the conditioned medium from LTBP4-KO cells also inhibited the proliferation of CD8+ T cells. Notably, we found that MO-MDSCs appeared to be mainly driven by tumor cells, further inhibiting T cell proliferation. By using the TGFβ1 receptor inhibitor SB-431542, we further proved that an increase in MDSCs was caused by the secretion of TGFβ1 by tumor cells. In summary, LTBP4-KO in tumor cells activated immune suppression signals by secreting TGFβ1, highlighting LTBP4 as a potential therapeutic target.
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